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Presently, in aesthetic medicine, high-power instrumental technologies 
that exert a signi� cant positive e� ect with a minimal rehabilitation 
period are becoming more popular in the correction of involutive 

changes of the skin.1 Such methods include monopolar radiofrequency 
therapy that is based on deep and vast heating of tissues. A generator 
of high power alternating current (frequency 6.78 MHz) generates an 
alternating electromagnetic � eld of a certain con� guration, which changes 
polarity seven million times per minute to generate heat due to tissue 
resistance.2,3 The procedure is performed one time. Its e� ect lasts for 3 
to 5 years. However, there are some di�  culties in the prognosis of skin 
response to high-power instrumental methods that include monopolar 
radiofrequency therapy. The clinical e� ectiveness of this method depends 
on the electroconductivity of the skin, which in turn, depends on numerous 
internal and external factors, for example, a morphotype of involutive 
changes, age, etc. Preliminary ultrasound examination of the skin can be 
helpful in the prognosis of clinical e� ects. Its results indirectly provide the 

data on the structure of the derma and epidermis, its density and thickness, 
earlier injections of � llers and threads. For example, when a� ecting dry skin 
with thinned derma, the risk of thermal damage of important anatomic 
structures, including nerve stems, with further edema and neuropathy 
signi� cantly increases. Preliminary ultrasonic diagnostics can minimize 
possible complications and decrease the risks of their development.4

There are some known cases of the ine� ectiveness of this method 
and patients that were not satis� ed with the results of monopolar 
radiofrequency therapy, which is considered by patients as adverse events. 
Due to the impact of high temperature, there were some reported cases 
of persisting edemas, neuropathies, and burns of di� erent degrees. 
According to di� erent statistical data, the duration of the rehabilitation 
period was around 17 days. Patients complain of paresthesia, anesthesia, 
hypoesthesia, or hyperesthesia, provoked by nervous tissue ischemia 
caused by edema and skin in� ammation in the region of local application 
of high temperatures (diathermy). When this method is used in the facial  
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(area, the above-mentioned symptoms primarily 
occur in the submental area. There are numerous 
pharmacological and physiotherapeutic 
methods of correction of local edema and 
neuropathies, for example, magnetotherapy, 
medicine electrophoresis, local darsonvalization, 
ultrasonic therapy, etc.5-8 All described methods 
target the improvement of microcirculation and 
reduction of the local edema in the a� ected 
area. One of the methods that improve the 
condition of microvasculature, drainage, and 
trophic of tissues is injectable carboxytherapy 
(mesotherapeutic injection of carbon dioxide 
(CO2)).9,10 It was demonstrated that injectable 
carboxytherapy accelerated processes in tissues, 
enhanced neocollagenesis, improved skin tonus, 
and smoothened age-related skin alterations.9, 11

Thus, the search for and study of new and 
more e� ective methods for restoration and 
rehabilitation of patients with local edema and 
neuropathy are acute in the area of treatment 
of adverse events in cosmetology. They include 
the early start of rehabilitative measures and a 
grounded choice of methods of recreation. The 
study aimed to design and evaluate a combined 
method of monopolar radiofrequency therapy 
and injective carboxytherapy in patients with 
local adverse events (edema and neuropathy) in 
the facial area.

METHODS
This study included 72 female patients aged 

38 to 52 years old. All patients underwent 
monopolar radiofrequency therapy with 
ThermaCool CPT (Solta Medical Inc., Bothell, 
Washington) in the facial area with a Face 
Tip at the rate of 1200 pulses according to 
the approved protocol for the correction of 
involutive changes of the skin. The apparatus 
and the method are registered in the Russian 
Federation (registration certi� cate No. FSZ 
2010/06805 dated May 24, 2010, has no 
expiration date). 

All patients were treated and followed 
up at the Clinics of Aesthetic Medicine from 
2017 to 2020. Patients were randomized into 
four groups. Group 1 (control, n=18) only 
conventional local topical antiedematous 
pharmacotherapy (Lioton gel, BID, up to 1 
month). Group 2 (� rst group of comparison, 
n=18) received conventional therapy in 
combination with local subcutaneous injective 
carboxytherapy in the mental area.Group 3 
(second group of comparison, n=17) received 

conventional therapy in combination with 
injective carboxytherapy was performed 
only in the projection of regional lymph 
nodes, including submandibular, neck, and 
supraclavicular ones. Group 4 (main group, 
n=19) received conventional topical therapy in 
combination with injective carboxytherapy was 
performed not only locally in the mental area 
but also in the projections of regional lymph 
nodes including submandibular, neck, and 
supraclavicular ones. 

Carboxytherapy was performed a day or two 
after the development of expressed edema and 
local neuropathic events.

The following tests were conducted for the 
objective evaluation of patients’ condition and 
their dynamics during the rehabilitation after 
monopolar radiofrequency therapy: 

1. Ultrasonic sonography for the evaluation of 
echostructural peculiarities of epidermis and 
derma and a degree of edema in the mental 
area with Dub Cutis 22-75 (TPM, Germany) 
and a 30-MHz sensor (registration certi� cate 
No. RZN 2016/5165 of April 26, 2017, has 
no expiration date). The thickness of derma 
and the coe�  cient of derma density was 
evaluated, which indirectly indicated the 
level of dermal edema. 

2. The evaluation of a degree of pain syndrome 
by the Visual Analog Scale (VAS)

3. The evaluation of the general condition 
of patients by the scale of Dermatology 
Life Quality Index (DLQI), where the given 
parameter was measured within the range 
from 0 to 30. 

4. Clinical and biochemical blood assay
5. Condition of capillary circulation in the 

mental skin area was checked by the 
method of laser doppler � owmetry using 
a LAKK-01 apparatus. Such parameters 
as microcirculation, its mean square 
deviation, and the coe�  cient of variance 
were automatically calculated. The tonus 
of microvasculature was evaluated using 
amplitude-frequency analysis of the 
� uctuations in the bloodstream. 

Patients were examined before 
carboxytherapy therapy, 15 days, and 
one month after the therapy. Injective 
carboxytherapy was performed with a 
CarboxyPen apparatus (France), which is a 
di� usion injector for injection of di� erent 
substances (including CO2) in tissues. 
CarboxyPen is connected with a special feeding 
tube for CO2. The method of subcutaneous 
injection of CO2 is mesotherapeutic with thin 
needles (32G – 4mm). One injection contained 
from 1 to 3 ml of CO2, a course consisted of 5 
procedures performed every other day. Patients 

FIGURE 1. The dynamics of ultrasonic examination of the skin of a patient from the main group before the therapy, 15 and 
30 days after the therapy.

TABLE 1. Visual Analog Scale (VAS) parameters during the treatment 

GROUP
1 DAY AFTER MONOPOLAR 

RADIOFREQUENCY THERAPY
15 DAYS AFTER MONOPOLAR 
RADIOFREQUENCY THERAPY 

1 MONTH AFTER 
MONOPOLAR 

RADIOFREQUENCY THERAPY

Group 1 (n=18) 5.2±0.5 4.4±0.4* 2.7±0.2*

Group 2 (n=18) 5.1±0.5 4.0±0.3* 2.1±0.1*

Group 3 (n=17) 5.2±0.4 3.7±0.3* 1.5±0.02*

Group 4 (n=19) 5.1±0.3 2.6±0.2* # 0.8±0.01*#

* p>0.05 – the signi� cance of di� erences in the group; #p>0.05: the signi� cance of di� erences between the control 
group, the main group, and the groups of comparison
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from the � rst group of comparison received 
5mL of gas only in the mental area. Patients 
from the second group of comparison received 
8–10 ml of CO2 only in the projection of regional 
lymph nodes, including submandibular, neck, 
and supraclavicular ones. Patients from the 
main group received around 12–15 mL of CO2

locally in the mental area and in the projection 
of regional lymph nodes (submandibular, neck, 
and supraclavicular area). 

All statistical calculations were performed in 
a software package Statistica for Windows 10 
(StatSoft Inc). For the analysis of the obtained 
data, the authors used methods of descriptive 
statistics (number of patients, mean values, 
con� dential interval, minimum and maximum 
values, standard deviation, standard error). 
For the comparison of groups of patients, 
methods of non-parametric statistics were 
used, in particular, the Mann-Whitney U-test 
(non-parametric alternative to a t-test for 

independent samplings). 

RESULTS
A day or two after the received monopolar 

radiofrequency therapy at the rate of 1200 
pulses according to the protocol, patients 
complained not only of local hypo-, hyper-, 
para-, or anesthesia when touching the face 
but also expressed local edema in the area of 
application (primarily in the submandibular 
area). 

During the examination, special attention 
was paid to the condition of the skin, its turgor, 
and local temperature-related anomalies in 
the dynamics. During the injection of CO2, all 
patients had short-term hyperemia (not more 
than 5 minutes) in the area of gas injection. All 
the patients showed positive dynamics after a 
course of carboxytherapy. Edema and swelling 
resolved in the facial area, especially in the 
mental region. The most evident dynamics 

of the degree of local skin edema in the 
mental area was detected by the ultrasonic 
apparatus DUB on Day 1, 15, and 30 after 
monopolar radiofrequency therapy in the facial 
area. According to the results of ultrasonic 
examination with a 30-MHz sensor, intradermal 
edema and a decrease in the dermal thickness 
in the mental area of patients from the main 
group on Day 15 after focused highly-intensive 
ultrasonic exposure reduced only by 21±2%; 
in the � rst group of comparison, by 37±3%; 
in the second group of comparison, 41±4%; 
and in the main group, by 53±5%. After one 
month, in the � rst group, it reduced by 57±5%; 
in the second group, by 69±5%; in the third 
group, by 76±6%; and in the fourth group, 
92±8%. In the case of one patient from the 
main group, expressed positive dynamics in 
the reduction of intradermal edema on Day 15 
and 30 were observed in comparison with the 
baseline scanning of the skin on the following 
day after monopolar radiofrequency therapy 
with ThermaCool CPT (Solta Medical Inc., 
Bothell, Washington) in the facial area with a 
Face Tip at the rate of 1200 pulses according 
to the approved protocol for the correction of 
involutive changes of the skin (Figure 1).

Pain syndrome was characterized by para-, 
hypo-, or hyperesthesia in the skin of the mental 
area. It was noted that in patients from the 
main group, the above-mentioned symptoms 
decreased more evidently than in the � rst 
and second groups of comparison, and in the 
control group. In all the groups, the clinical 
e� ect was expressed not only in a decrease of 
pain sensations in the facial area but also in the 
improvement of general wellbeing, mood, and 
normalization of sleep (Table 1).

In all the groups, the study of capillary 
bloodstream using laser Doppler � owmetry 
showed that on Day 1 after monopolar 
radiofrequency therapy, a decrease in the 
parameters that characterized the variability 
of their microhaemodynamics was observed. 
In the main group (unlike the rest groups), 
expressed positive dynamics of the parameters 
of laser Doppler � owmetry were observed. The 
results of the study showed that in patients, 
who received carboxytherapy not only locally 
in the area of neuropathy and edema but also 
in the projection of regional lymphatic nodes 
along the pathways of lymph out� ow, including 
submandibular areas, microcirculation started 
to normalize right after the end of the course 

TABLE 2. The dynamics of the parameters of microcirculation in patients after monopolar radiofrequency therapy in the 
mental area depending on the course of treatment 

PARAMETER

DAYS AFTER 
MONOPOLAR 

RADIOFREQUENCY 
THERAPY 

GROUP 1 
(CONTROL)

N=18

GROUP 
2 (FIRST 

GROUP OF 
COMPARISON)

 N=18

GROUP 3 
(SECOND 

GROUP OF 
COMPARISON) 

N=17

GROUP 4 
(MAIN GROUP) 

N=19

Microcirculation
(5.12±1.14 p. 
units)

1 day 8.92±0.25 8.95±0.23 8.94±0.24 8.96±0.28

15 days 7.74±0.16 7.01±0.29 6.84±0.24* 5.31±0.16 *#

1 month 6.48±0.17* 5.99±0.19* 5.82±0.20* 4.85±0.21* #

Mean-square 
deviation 
(1.26±0.03 p. 
unit)

1 day 0.71±0.02 0.70±0.04 0.69±0.03 0.71±0.05

15 days 0.77±0.09 0.87±0.05 0.94±0.04 1.05±0.06*#

1 month 0.86±0.06 0.96±0.11* 1.01±0.07* 1.17±0.09*#

WAM index, 
score 

1 day 8.19±1.11 8.21±1.03 8.20±0.98 8.22±0.79

15 days 10.12±0.92 14.83±1.19* 16.02±0.94* 20.01±1.17*#

1 month 15.64±1.07* 18.85±1.15* 20.04±1.01* 24.13±1.09 *#

*p<0.01: the level of signi� cance before and after the treatment; #p<0.05: the signi� cance of di� erences between 
analog parameters in the main group and groups of comparison

TABLE 3. Dynamics of the Dermatology Life Quality Index in patients after monopolar radiofrequency therapy in the 
mental region depending on the course of treatment.
TIME OF MEASUREMENTS 
AFTER MONOPOLAR 
RADIOFREQUENCY THERAPY 

GROUP 1
N=18

GROUP 2
 N=18

GROUP 3
 N=17

GROUP 4 
N=19

1 day 16.5±1.4 16.9±1.5  17.1±1.4 17.2±1.
15 days  11.6±1.2 9.8±1.1*  7.9±0.7* 5.1±0.4*#
1 month  4.7±0.2 * 3.5±0.2*  2.6±0.1*# 1.4±0.1*#

* p<0.05: the signi� cance of the di� erences in the group in comparison with Day 1 (in dynamics); #p<0.05: the 
signi� cance of di� erences between similar parameters of the control group and groups of comparison.



47
JCAD JOURNAL OF CLINICAL AND AESTHETIC DERMATOLOGY March 2022 • Volume 15 • Number 3

O R I G I N A L  R E S E A R C H

of carboxytherapy. Besides, in the main group, 
impaired basal circulation signi� cantly improved 
in the skin of the mental area. At the same 
time, the coe�  cient of variance signi� cantly 
improved, which could indicate the restoration 
of the regulation of tissue circulation in the area 
of application of monopolar radiofrequency 
therapy in the facial area along with the 
changes in microcirculation. On the other hand, 
in the control group, there was an insigni� cant 
change in the parameters of laser Doppler 
� owmetry, which could indicate an insu�  cient 
in� uence of the conventional topical therapy on 
microcirculation. In the groups of comparison in 
comparison with the main group, the changes 
were signi� cantly less expressed. In the second 
group of comparison, positive dynamics of 
the studied parameters of microcirculation 
were more signi� cant, which indicates a direct 
correlation between edema reduction due 
to an acceleration in the lymph out� ow and 
symptoms of neuropathy (Table 2).

All patients were made general clinical 
and biochemical blood assays. There were no 
signi� cant changes in the dynamics. 

The inclusion of injective carboxytherapy 
after monopolar radiofrequency therapy in the 
facial area exerted a positive e� ect on DLQI. This 
con� rms the data obtained by other studies 
and indicates a signi� cant decrease in the 
rehabilitation period on Day 15 after monopolar 
radiofrequency therapy (DLQI in the main group 
was 2.27 times lower than in the � rst group, 
1.92 times lower than in the second group, and 
1.55 times lower than in the third group) and a 
month after monopolar radiofrequency therapy 
in the facial area (DLQI in the main group was 
3.36 times lower than in the control group, and 
2.5 and 1.86 times lower than in the second 
and third groups, respectively). This indicates 
signi� cant positive results of a combined 
application of the extended protocol of 
carboxytherapy and monopolar radiofrequency 
therapy in the facial area in the short-term and 
long-term studied period (Table 3).

CONCLUSION
The present study showed that in patients 

with local edema and local neuropathy caused 
by monopolar radiofrequency therapy at the 
rate of 1200 pulses according to the protocol, 
the indication of carboxytherapy was feasible 
not only locally in the submental area and area 
of expressed edema and neuropathy but also 

along the pathway of lymph out� ow and in 
the projection of regional lymph nodes, which 
signi� cantly reduces the period of rehabilitation, 
contributes to a faster resolution of edema and 
neuropathy, and provides a stable clinical result. 
It is especially recommended for patients of the 
senior age group and patients with thin skin. 
The indication of this method for the application 
only in the third lower part of the face and 
mental area signi� cantly prolongs the period of 
rehabilitation because of local neuropathy and 
expressed edema, which worsens the quality of 
life of patients and brings discomfort. This issue 
is resolved by an extended protocol of injective 
carboxytherapy not only in the region of 
adverse events after monopolar radiofrequency 
therapy at the rate of 1200 pulses according 
to the extended protocol but also in the 
projection of regional lymph nodes (including 
submandibular, neck, and supraclavicular area), 
which improves microcirculation, activates the 
venous and lymphatic part of microcirculation, 
increases the rate of oxygen extraction by 
tissues, and enhances metabolism. More active 
lymph out� ow to the regional lymph nodes 
is observed. Due to this method, it is possible 
to perform these procedures already in the 
early rehabilitation period (from the � rst day 
after monopolar radiofrequency therapy at the 
rate of 1200 pulses according to the extended 
protocol), which not only softens and reduces 
the time of post-procedural rehabilitation 
but also prevents the development of such 
serious complications as burns, post-traumatic 
hyperpigmentation, and cicatrix processes. 
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